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1.0  INTRODUCTION 


This  study  was  conducted  for  the  U.S.  Naval  Civil  Engineering 
Laboratory  (NCEL)  in  Port  Hueneme,  California  to  demonstrate  and  evaluate  the 
effectiveness  of  a  sieving  and  stabilization  process  in  treating  soils  at  the 
small  arms  range  at  Mayport  Naval  Air  Station,  Mayport,  Florida.  The  U.S. 
Naval  Civi,l,S’-y  ,itc?r-ing  Laboratory  (NCEL)  coordinates  projects  involving  the 
storage,  treatment,  and  disposal  of  hazardous  waste,  and  decontamination  of 
groundwater  and  soil  at  various  sites  on  Naval  bases  arid  stations.  The 
Comprehensive  Environ'rcr.tol  Response  Compensation  and  Liability  Act  (CERCLA), 
tne  Superfund  Amendments  and  Reauthorization  Act  (SARA),  and  the  Resource 
Conservation  and  Recovery  Act  (RCRA)  require  the  Navy  to  clean  up  hazardous 
wastes  that  have  been  released  in  the  past  and  to  minimize  the  amount  of 
hazardous  waste  that  is  currently  produced.  Treatability  tests  and  a  field 
demonstration  of  the  stabilization  process  were  condur«^ed  by  ToxCo,  Inc.,  of 
Claremont,  California.  Battelle's  responsibilities  included  serving  as  third 
party  witness  to  the  excavation  and  treatment  activities,  conducting  chemical 
analyses  of  both  the  treated  and  untreated  soils  to  evaluate  the  effectiveness 
of  the  stabilization  treatment  method,  and  writing  the  final  report. 

Lead  (Pb)  shot  accumulates  in  small  arms  practice  range  berm  soils 
and  over  time  creates  a  safety  hazard  due  to  ricochet  and  a  pollution  hazard 
due  to  the  possible  release  of  lead  into  groundwater  and  other  environmental 
pathways.  Other  metals  of  possible  concern  were  copper  (Cu)  and  zinc  (Zn) 
from  the  brass  coatings  on  the  lead  shot.  The  objective  of  this  task  was  to 
demonstrate  and  evaluate  the  effectiveness  of  a  sieving  and  stabilization 
process  in  treating  soils  at  small  arms  ranges  to  temporarily  eliminate 
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ricochet  and  hazardous  waste  characteristics  (specifically,  toxicity 
characteristic  due  to  lead  leaching). 

Mayport  Naval  Air  Stations  small  arms  range  was  the  subject  of  this 
study.  The  soil  impact  berm  measures  approximately  92  feet  across  and  was 
between  seven  and  seven-and-one-hal f  feet  in  height.  The  slope  of  the  berm 
measures  18  feet  from  the  base  to  the  top.  Weapons  discharged  on  this  range 
include  shot  guns,  M-14,  M-16,  M-60,  45-caliber  pistol  and  38-caliber  pistol. 
The  actual  age  of  the  range  is  unknown.  Also,  any  past  maintenance  activities 
on  the  impact  berm  are  uncertain,  however,  we  were  informed  by  the  activity 
that  soil  had  been  added  to  the  berm  in  the  past. 

2.0  SAMPLING  AND  ANALYSIS  PROGRAM 

To  establish  a  baseline  concentration  for  the  three  metals  of 
concern  (Pb.  ru,  and  Za)  in  the  soil  before  treatment,  Battel le  coordinated 
the  collection  and  chemical  analysis  of  30  different  berm  soil  samples  and  one 
blind  replicate.  These  samples  were  obtained  from  six  one-foot  depth 
intervals  from  five  different  sampling  points  in  the  target  butt.  Exact 
sampling  locations  were  determined  in  conjunction  with  Navy  personnel  during 
the  field  sampling  (see  Figure  1). 

Three  horizontal  cores  were  collected  at  range  position  number  four, 
one  in  the  bullet  pocket  approximately  13  feet  up  the  slope  of  the  target 
butt,  one  at  six  feet  up  the  slope,  and  another  at  17  feet  up  the  slope  from 
the  base  of  the  target  butt.  A  total  of  18  samples  were  collected  from 
position  number  four.  Another  horizontal  core  was  collected  in  the  bullet 
pocket  area  at  range  position  number  eight.  It  was  collected  approximately  13 
feet  from  the  base  up  the  slope  of  the  target  butt.  The  final  group  of 
samples  were  collected  at  range  position  number  six.  A  vertical  core  was  made 
from  the  top  of  the  soil  berm  approximately  three  feet  in  front  of  the  base  of 
the  wooden  backstop. 

All  samples  were  collected  using  a  stainless  steel  sand  auger  and 
collected  in  one-foot  intervals.  Each  one-foot  interval  represents  one 
sample.  Each  one-foot  interval  of  soil  was  placed  in  a  non-metallic  container 
and  composited  and  then  placed  in  an  appropriate  labeled  sample  container. 
Chain-of-custody  forms  were  filled  out  for  each  sample  and  shipped  with  the 
samples  to  the  laboratory  for  analysis. 


SAMPLE  LOCATIONS 

(before  excavation) 


Battel le  was  responsible  for  performing  the  chemical  analyses  on  the 
berm  soil  samples.  Chemical  analyses  include  total  Cu,  Pb,  and  Zn  and 
Toxicity  Characteristic  Leaching  Procedure  (TCLP)“extractable  Cu,  Pb,  and  Zn. 
Six  of  the  samples  were  analyzed  for  pH.  A  split  from  each  sample  collected 
was  provided  to  the  Navy. 


3.0  TREATABILITY  STUDY 


The  bench-scale  treatment  phase  involved  evaluating  a  soluble 
silicate-  and  cement-based  process.  ToxCo  Inc.  in  Anaheim,  California  was 
provided  with  four  grab  samples  from  the  subject  small  arms  range  by  the  Navy 
prior  to  the  sampling  discussed  in  the  sampling  and  analysis  program  in 
Section  2.0.  The  purpose  was  to  determine  if  the  chemical  fixation  process 
could  lower  the  soluble  Pb  concentration  below  the  EPA  threshold  limits,  thus 
rendering  the  soil  nonhazardous .  The  soil  samples  were  first  screened  to 
remove  rocks  and  large  bullet  fragments.  The  untreated  soil  was  sent  to 
Truesdail  Laboratories  in  Tustin,  California  to  be  tested  for  total  and  TCLP- 
soluble  Cu  and  Pb  levels.  Lead  exceeded  its  TCLP  limit  of  5.0  milligrams  per 
liter,  therefore  the  berm  soil  failed  the  TCLP  test  for  Pb.  Note  that  Cu  is 
not  a  TCLP-metal,  but  was  analyzed  in  conjunction  with  Pb  for  research 
purposes. 

The  silicate/cement  treatment  was  applied  to  each  soil  sample,  and 
the  treated  samples  were  then  analyzed  for  TCLP  Cu  and  Pb  levels.  The  process 
used  was:  a)  250  grams  of  soil  was  placed  in  a  large  beaker;  b)  five  grams  of 
sodium  silicate  was  added  to  the  waste  and  mixed;  c)  a  total  of  70  grams  of 
water  along  with  a  trace  of  detergent  was  added  to  the  beaker  and  again  mixed; 
and  d)  finally,  62^  grams  of  low  alkaline  cement  were  added  to  the  waste  and 
thoroughly  mixed. 

The  results  of  the  TCLP  extraction  showed  that  after  treatment,  the 
TCLP  Pb  concentrations  were  well  below  the  TCLP  limit  of  5.0  milligr;>pj;  pc' 
liter.  The  results  are  presented  in  Table  1.  The  physical  characteristics  of 
the  treated  material  were  similar  to  the  starting  material,  and  therefore  it 
was  concluded  that  the  treated  material  would  have  suitable  physical 
properties  for  re-use  as  berm  soil  without  causing  ricochet  problems. 
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TASLl  i.  BENCH-SCALE  TEST  DATA  » 


Metal 

Total  Metals  Concentration  Untreated  Soil 

(mg/kq) 

• 

Sample  1 

Sample  2 

Sample  3 

Sample  4 

Lead 

2,120 

25,900 

6,600 

4,390 

Copper 

87.3 

410 

255 

163 

• 

TCLP  Metals  Untreated  Soil  (mq/l) 

Lead 

154 

661 

519 

133 

Copper 

2.4 

0.3 

2.4 

2.5 

TCLP  Metals  Treated  Soil  (mg/1) 

Lead 

<0.1 

<0.1 

0.16 

2.1 

Copper 

<0.1 

0.14 

0.17 

0.17 

• 

» 


4.0  FIELD  DEMONSTRATION 


As  indicated  in  Section  2.0.  30  different  berm  soil  samples  were 
collected  and  chemically  analyzed  before  the  excavation  of  the  berm  for 
treatment  in  order  to  provide  a  characterization  of  the  extent  of  metals 
contamination  in  the  berm.  Figure  1  identifies  sample  locations.  The  results 
of  the  chemical  analyses  are  presented  in  Table  2.  All  analytical  tests  were 
performed  by  Battel le  in  Columbus,  Ohio. 


rll^t  ^e'it  Preparation 


Before  starting  the  pilot  tests,  Toxco  construrt-'d  a  si^ve  using 
1/4"  screen  mesh  and  2"  x  6"  wooden  framp  The  dimension  of  the  sieve  was 
approximately  8'  v  The  sieve  set  at  a  60  degree  angle  which  would  allow 
the  bullets  to  roll  off. 

Next,  a  path  approximately  three-feet  deep  leading  back  to  the  berm 
was  excavated.  The  path  was  necessary  to  allow  the  front-end  loader  and 
backhoe  to  pass  under  overhead  framework  which  covered  most  of  the  range  and 
extended  into  the  side  berm. 

The  berm  was  excavated  with  a  front-end  loader  and  backhoe. 
Approximately  four  to  five  feet  of  soil  were  removed  from  the  face  of  the  berm 
and  transported  to  the  sieve  in  a  flat  working  area  in  front  of  the  range. 

The  soil  was  placed  on  the  sieve  by  a  front-end  loader.  Rakes  and  shovels 
were  used  to  help  clear  the  bullets  off  the  screen.  The  1/4"  mesh  became 
clogged,  and  a  1/2"  mesh  screen  was  tested.  The  1/2"  mesh  screen  rejected 
most  of  the  bullets  and  rocks  and  was  used  to  sieve  the  remaining  soil.  The 
sieved  soil  was  then  stockpiled  on  plastic.  Six  samples  of  sieved  soil  were 
analyzed  for  total  and  TCLP  lead,  copper,  and  zinc.  Table  3  presents  the 
results  of  these  analyses. 


Total  Metal  Concentration  (mq/kq)  TCLP  Metal  Concentration 
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4.3  Pilot  Tests 


The  first  pilot  test  was  conducted  on  October  3,  1990.  An 
approximately  20  cubic  yard  pile  of  sieved  soil  was  spread  out  on  plastic  on  a 
flat  working  area  in  front  of  the  practice  range.  Water  was  sprayed  on  the 
soil  and  55  gallons  of  sodium  silicate  were  spread  over  the  soil  with  the 
bucket  of  the  front-end  loader.  A  large  rototiller  was  then  passed  over  the 
soil  to  mix  the  ingredients.  Ten  thousand  pounds  of  cement  were  then  applied 
to  the  pile  by  a  truck  with  a  metered  spray  bar  on  the  back.  The  cement  was 
rototilled  into  the  soil  mixture,  covered  with  plastic  and  allowed  to  cure 
overnight. 

The  rototiller  was  passed  over  the  treated  pile  the  next  day  to  help 
break  it  up.  Four  samples  were  taken  from  the  treated  pile  and  analyzed  for 
total  and  TCLP  lead.  The  analytical  results  from  this  pilot  test  are 
presented  in  Table  3  (Pilot  Test  No.  1).  Two  of  the  four  samples  were  above 
the  EPA  limit  of  5  mg/1  for  lead.  The  product  from  the  first  pilot  test  which 
was  conducted  to  be  unsuccessful,  was  returned  to  the  untreated  pile  for 
retreatment,  and  the  area  was  cleaned  up.  The  unsatisfactory  results  of  the 
process  was  attributed  to  inadequate  mixing  using  the  rototiller. 

On  October  10,  1990  a  second  pilot  test  was  conducted  using  a  20- 
yard  capacity  roll-off  box  as  a  contains.-.  First,  a  seal  was  placed  around 
the  door  to  prevent  leaks.  Next,  two-and-a-half  cubic  yards  of  sieved  soil 
were  placed  in  the  roll-off  box.  A  calibrated  pump  was  used  to  meter  ten 
gallons  of  sodium  silicate  solution  and  160  gallons  of  water  into  the  box. 

The  contents  of  the  box  were  mixed  together  with  a  hand-maneuvered  rototiller. 
Next,  1,500  pounds  of  cement  and  additional  water  were  added  and  mixed  by 
rototilling.  The  amount  of  cement  was  metered  when  discharged  from  the 
delivery  truck.  It  took  about  two-and-a-half  hours  to  treat  two-and-a-half 
cubic  yards  of  soil.  The  mixture  was  covered  and  allowed  to  cure  overnight. 
Three  samples  were  taken  and  analyzed  for  total  and  TCLP  lead.  The  results 
are  provided  in  Table  3  (Pilot  Test  No.  2).  These  results  showed  that  the 
stabilization  technology  worked.  However,  the  mixing  process  was  concluded  to 
be  too  time-consuming  and  not  cost-effective.  Also,  the  final  mixture  was 
hard  and  difficult  to  break  up,  and  therefore  not  desirable  for  placement  back 
in  the  berm  because  of  possible  ricochet. 


On  November  28,  1990  the  third  pilot  test  was  performed.  This  test 
was  designed  to  produce  a  mixture  with  20  percent  cement,  by  weight,  but  due 
to  a  mix-up  in  equipment  rental  the  final  mixture  contained  60  percent  cement. 
Approximately  2.4  yd'  of  soil  was  conveyed  into  a  cement  truck  containing  30 
gallons  of  sodium  silicate,  250  gallons  of  water  and  a  cup  of  soap.  The 
cement  truck  remained  rotating  throughout  the  whole  process.  The  amount  of 
soil  was  monitored  by  counting  the  number  of  1/4  yd'  back-hoe  buckets  that 
were  put  onto  the  conveyor  belt.  The  water  was  metered  into  the  truck  at  the 
cement  company,  and  the  sodium  silicate  was  metered  using  a  calibrated  pump. 
The  first  cement  truck  discharged  its  content,  via  a  conveyor  belt  into  a 
second  cement  truck  containing  4400  pounds  of  cement  and  300  gal  of  water. 

The  cement  and  water  were  both  added  at  the  cement  company.  The  mixture  was 
discharged  into  a  roll-off  box  and  allowed  to  cure  overnight.  One  sample  was 
taken  from  this  mixture  and  the  TCLP  Pb  level  was  1.83  mg/1.  This  mixture  was 
too  hard  to  re-use  on  the  face  of  the  berm.  The  large  pieces  were  placed  at 
the  very  bottom  of  the  berm,  below  the  line  of  fire. 

The  fourth  pilot  test  was  conducted  later  on  November  28.  It  was 
designed  to  have  a  product  with  25  percent  by  weight  of  cement  but  again  due 
to  the  equipment  rental  mix-up,  it  actually  yielded  a  product  with  75  percent 
by  weight  of  cement.  The  same  cement  truck  process  was  used  but  the 
ingredient  amounts  were: 

2,4  yd*  soil 

30  gal  silicate  solution 
5400  lb  cement 
500  gal  water 
1  cup  soap 

The  TCLP  Pb  level  was  1.4  mg/1.  Again,  the  hardened  material  was  placed  at 
the  bottom  of  the  berm. 

The  fifth  pilot  test  was  conducted  on  November  29,  1990  and  used  the 
following  amounts  of  ingredients; 

7.2  yd* 

30  gal  silicate 
4400  lb  cement 
500  gal  water 
1  cup  soap 


This  mixture  corresponds  to  approximately  20  percent  by  weight 
cement.  After  this  mixture  cured  for  4  hours,  the  treated  soil  was  mixed  up 
with  a  backhoe  to  determine  if  it  would  be  easier  to  remove  from  the  roll-off 
box.  This  proved  to  be  a  very  significant  step  in  the  pilot  test,  because  the 
process  yielded  a  treated  material  that  was  relatively  soft  and  friable, 
similar  to  the  untreated  berm  sand.  TCLP  data  are  included  in  Table  3  (Pilot 
Test  No.  5) . 

The  sixth  pilot  test  was  also  performed  on  November  29,  1990  and 
produced  a  mixture  with  25  percent  cement.  The  ingredient  amounts  were: 

7.2  yd*  soil 
30  gal  silicate 

5400  lb  cement 
500  gal  water 
1  cup  soap 

Again,  the  set  of  the  cement  was  destroyed  by  mixing  the  treated  grit  with  a 
backhoe  approximately  4  hours  into  curing.  The  analytical  results  are 
presented  in  Table  3. 

Because  the  TCLP  results  for  Pb  from  the  fifth  and  sixth  pilot  tests 
were  well  below  the  EPA  limit  of  5  mg/1,  the  process  (No.  5)  using  20  percent 
cement  was  selected  for  the  full-scale  treatment. 

4.4  Full-Scale  Treatment 

On  December  4,  1990  full-scale  treatment  began.  As  indicated,  the 
full-scale  treatment  used  the  same  process  and  amount  of  material  as  the  fifth 
pilot  test  except  with  slight  variations  in  the  amount  of  water  added  to 
compensate  for  the  variable  water  content  of  the  berm  soil.  Also,  the  mixture 
was  removed  from  the  roll-off  box  and  spread  thinly  after  approximately  four 
hours  of  curing.  The  next  day  it  was  broken  up  with  the  front-end  loaders.  A 
total  of  12  treated  soil  samples  were  collected  from  the  full-scale  treatment 
and  analyzed  for  total  and  TCLP  Pb,  Cu,  and  Zn.  See  Table  4  for  analytical 
results.  All  of  the  samples  passed  the  TCLP  Pb  criterion  by  a  wide  margin. 

The  treated  soil  was  placed  back  on  the  face  of  the  berm  using  a 
front  end  loader  and  backhoe.  Next,  a  three-  to  four-inch  layer  of  clean  fill 
was  placed  over  the  treated  soil  on  the  berm  so  that  the  berm  could  be 


TABLE  4.  TREATABILITY  DATA  FROM  THE  FULL-SCALE  TREATMENT 
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revegetated.  The  path  to  the  berm  was  filled  and  the  entire  area  was 
hydromulched  with  a  native  grass. 

The  material  rejected  by  the  sieve,  comprising  primarily  of  bullets, 
was  turned  over  to  the  Mayport  Morale,  Welfare  and  Recreation  Department,  at 
their  request,  for  recycling. 

5.0  DISCUSSION  AND  CONCLUSIONS 


5.1  Treatment  Cost  Analysis 

The  total  cost  of  the  Mayport  Small  Arms  Range  Stabilization  project 
was  $130K.  This  included  the  cost  of  full-scale  treatment  (approximately  170 
cubic  yards),  pilot  test,  mobilization,  travel,  excavation  of  the  berm, 
replacement  of  treated  soil  on  the  berm,  oversight,  planning,  and  extensive 
sample  analysis.  The  need  for  several  pilot  tests  added  to  the  overall  cost. 
Because  this  was  the  first  time  this  process  was  used  in  the  field  at  a  small 
arms  range  site,  the  costs  are  probably  higher  than  what  would  be  encountered 
for  future  projects. 


5.2  Process  Effectiveness 


The  stabilization  process  used  in  this  project  produced  TCLP  Pb 
values  consistently  below  the  EPA  limit  of  5.0  mg/1.  The  TCLP  levels  of  the 
untreated  soil  were  well  above  250  mg/1,  demonstrating  that  the  stabilization 
process  significantly  reduced  the  leachable  lead  content. 

The  use  of  a  1/2"  screen  proved  satisfactory  in  sieving  out  most  of 
the  bullets.  For  large  projects,  a  vibrating  screen  with  1/2"  openings  is 
probably  preferable.  The  vibrating  screen  would  reduce  the  amount  of  labor 
and  time  needed  for  sieving,  however,  dust  suppression  will  likely  be 
necessary. 

The  use  of  cement  trucks  as  the  mixing  device  may  be  employed  in 
projects  of  similar  size,  (<300  cubic  yards)  but  a  pugmill  or  similar  mixing 
device  with  a  higher  throughput  is  recommended  for  larger  projects. 


5.3  Future  Sampling 


It  is  recomnended  that  the  berm  be  sampled  once  a  year  to  monitor 
the  TCLP  Pb  lead  levels.  These  samples  should  be  taken  from  locations  each 
year.  Proposed  sample  locations  are  illustrated  in  Figure  2. 

Sample  location  No.  1  is  located  on  the  far  left  side  of  the  berm 
away  from  direct  fire.  One  sample  should  be  taken  three  feet  into  the  berm. 

Sample  location  No.  2  is  located  in  the  middle  of  a  bullet  pocket. 
One  sample  should  be  taken  from  three  inches  below  the  surface  of  the  berm. 
This  sample  will  probably  show  very  high  levels  of  lead  due  to  the  direct 
fire. 

Sample  location  No.  3  is  located  above  sample  location  No.  2  but  in 
the  same  firing  line.  One  sample  should  be  taken  three  inches  below  the 
surface  of  the  berm. 

Sample  location  No.  4  is  located  between  two  firing  lines.  One 
sample  should  be  taken  six  inches  below  the  surface  of  the  berm. 

All  of  the  samples  should  be  analyzed  for  total  and  TCLP  Pt. 


FUTURE  SAMPLE  LOCATIONS 

(after  treatment) 


FIGURE  2.  RECOMMENDED  FUTURE  SAMPLE  LOCATIONS 
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to  please  take  the  time  from  your  busy  schedule  to  fill  out  this  questionnaire.  Your  response  will  assist  us  in  providing 
the  best  reports  possible  for  our  users.  I  wish  to  thank  you  in  advance  for  your  assistance.  I  assure  you  that  the 
information  you  provide  will  help  us  to  be  more  responsive  to  your  future  needs. 


JL  N.  STORER,  Ph.D.  P.E. 

Technical  Director 

DOCUMENT  NO.  _  TITLE  OF  DOCUMENT; _ _  I 


Dale;  _ Respoodeni  Organizauoo  ; 

Name: 

Phone; 

Caiegory  (please  check): 

Sponsor _  User _  Proponent _  Other  {Specify) _ _ 

Please  answer  on  your  behalf  only;  noi  on  your  organization's.  Please  check  (use  an  X)  only  the  block  that  most  closely 
describes  your  attitude  or  feeling  toward  that  statemenu 

SA  Strongly  Agree  A  Agree  0  Neutral  D  Disagree  SD  Strongly  Disagree 


SA  A  N  D  SD  SA  A  N  D  SD 

1.  The  technical  quality  of  the  report  ()()()()() 

IS  comparable  to  most  of  my  other 
sources  of  technical  information. 

2.  The  report  will  nuke  significant  ()()()()() 
tmprovemeDis  in  the  cost  and  or 
performance  of  my  opcratiou. 

3.  The  report  acknowledges  related  ()()()()() 
work  accomplished  by  others. 

4.  The  report  is  well  formatted.  <)()()()() 

5.  The  repon  is  clearly  wniien.  ()()()()() 


6.  The  conclusions  and  recommenda-  ()()()()() 
tions  are  clear  and  directly  sup¬ 
ported  by  the  comenu  of  the 

report. 

7.  The  graphics.  Ubles,  and  photo-  (  i  i  )  (  )  i  l  i  ) 
graphs  are  well  done. 


Please  add  any  comments  (e.g.,  in  whai  ways  can  we 
unprove  the  quality  of  our  reports?)  on  the  back  of  this 
form. 


Activity  Code; 
Grade/ Rank: 


Comments: 


Fold  on  line,  stapla.  afW  drop  to  mail. 
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